Abstract. This study presents an investigation of the effects of Ethylene Vinyl Acetate (EVA) on Polypropylene (PP)/Clay type of composite. The PP/EVA/clay composite samples are prepared via melt blending technique. The chemical characterization is carried out using fourier transform infrared (FT-IR) spectroscopy. The mechanical properties are characterized in terms of tensile, flexural and impact tests. The presence of high EVA content in PP nanoclay decreases the flexural and tensile strength. The addition of EVA reveals significant increment in impact strength. Thermal properties of composites are studied using thermogravimetric analysis (TGA). The decomposition temperature increases with an addition of EVA content up to 15 phr, but decreases of the crystallinity and melting temperature.
Introduction
In recent years, the study on polymer nanocomposites has attracted a great deal of interest to researchers, due to its excellent mechanical, thermal and gas barrier properties [1] . From these unique properties, many products ranging from high-barrier packaging for food and electronics to strong and heat-resistant automotive components have been produced [2] . The Polymer/layered silicate nanocomposites are reported to have better overall properties than neat homopolymers, and the reason for properties improvement is directly correlated with the exfoliation/dispersion of the nanoclay layers within the polymer matrix. The layer exfoliation in polymer/layered silicate nanocomposites depend on several factors such as clay type, organic modifier and polymer matrix [3] .
Among various polymer matrices, the family of EVA copolymers was popular and has been widely studied. EVA copolymers are a class of broadly used polymers, with a variety of industrial applications such as cable and wire, flexible packaging, hose and tube, photovoltaic encapsulants and footwear. The EVA contains polar vinyl acetate and non-polar ethylene units in the polymer chain. EVA copolymers can be tailored for applications as rubbers, thermoplastic elastomers and plastics by modifying its vinyl acetate content.
Recently, several studies have focused on the effect of the vinyl acetate content on the dispersion of clay nanoplatelets, varying processing, addition of external compatibilizers, or the nature of the clay organo-modifier for a given natural clay [4] . It was reported that the EVA based nanocomposites influenced as a function of organoclay concentration. The results showed that the products displayed the intercalated morphology and a significant rigidity increased at low organoclay content [5] . Besides, the thermal behavior of EVA nanocomposites with different contents of vinyl acetate and a variety of organoclays has been studied by Zanetti et al. [6] . They have found that dispersion of organoclay depended both on the silicate modification and on the silicate types. However, the objective of this work is to study the effects of EVA on PP/clay nanocomposites produced via melt blending technique. The chemical, mechanical and thermal properties of the composite are investigated to observe the effect in composite behaviour.
Experimental Procedures
Material preparation. In this study, the PP was used as a matrix while organoclay and EVA as a filler. PP homopolymer PP910G was obtained from Polypropylene Nasional Malaysia Berhad. EVA copolymer with EV101 foaming and casting grade was supplied by Asian Polymer Corporation. Organoclay cloisite 15A was provided by Southern Clay Products Inc., USA. This organoclay is modified by alkyl ammonium and its value of modifier concentration is 125 meq/100g. Nanocomposites preparation. The preparation of nanocomposites begins with the mixing of PP, organoclay and EVA by using twin screw compounder brabender PL2000 plasticoder. The weights of PP and organoclay (5 phr) used in preparing a variety of samples are fixed at 500 g and 25 g respectively. Whereas, the amount of EVA is varies from 5, 10, 15 and 20 phr based on the weight of the polymer resins that fill up the mould completely. The mixing temperature is set at 180°C in order to ensure the proper viscosity for the mixing process and minimizing degradation of the mixture. The rotation speed is set at 50 rpm. After all constituents are introduced into the brabender, the composites pellets were then subjected to a preheating at 190°C for 6 minutes. Next, the full press was applied at the same temperature with 110 kg/cm 2 of pressure for 4 minutes. Breathing time of 10 seconds was given to release bubbles and reduce voids. The sample was then cold pressed for 5 minutes under the same pressure to produce the sample sheets with the dimension of 150 mm x 150 mm x 1 mm and 150 mm x150 mm x 3 mm.
Testing. FT-IR analysis was conducted by using a perkin-elmer model 1750x FT-IR spectrometer. The thermo-stability property of the composites prepared was analyzed by using a perkin elmer TGA 7 thermal analyzer. Besides, tensile tests were performed in accordance with the ASTM D618-00 and ASTM D1822-L standards for conditioning specimens and measuring tensile properties of nanocomposite respectively. Meanwhile, the flexural tests were performed in accordance with ASTM D790 standard. On the other hand, an Izod impact test was performed in accordance with ASTM D256-00 standards. In addition, the TEM study was analyzed by using a LEO 912AB energy filter transmission electron microscope with an acceleration voltage of 120keV.
Results and Discussion
FT-IR analysis. FT-IR spectroscopy provides information regarding the molecular structure and chemical bonding of materials. Most organic compounds exhibit numerous absorption peaks for their related functional groups throughout the mid-infrared region. Figure 1 shows the FTIR spectra of the PP, PP/clay nanocomposite and PP/ EVA/clay nanocomposite. From the figure, it can be seen that there are superior peaks grow from 3000 to 2900 cm -1 in all spectra which correspond to a (C-H) stretching vibration and generally indicate the presence of one or more alkane groups. The two peaks, 1470 cm -1 and 1385 cm -1 are also characteristic group frequencies for (C-H) groups and result from bending vibrations in the molecule. Presence of methyl and alkane groups were observed as PP and EVA side chain is methyl (CH 3 ). Besides that, the strong bands between 1300 cm -1 and 500 cm -1 indicates a highly saturated system. The vibration in the range of 1400 to 1300 cm -1 should be due to aliphatic and aromatic (C-H) in the plane deformation of methyl, methylene, and methoxy groups [7] .
The PP/nanoclay and PP/EVA 20/nanoclay spectrum shows strong bands at 1081 cm -1 due to Si-O-Si stretching vibration. These bands are the characteristics peaks of dodecylamine montmorillonite (DDA-MMT) which present in the nanocomposites. The intensity of the peaks for PP/clay nanocomposites is slightly higher when compared with PP/EVA/nanoclay. In addition, the presence of the peak at 1045 cm -1 and 1756 cm -1 could be due to the ester (C-O) and carbonyl (C=O) stretching vibration of PP/EVA composite. The common features in the spectra of [8] . It was observed that the presence of EVA in the composite contains all functional groups of its components however; it did not show any additional bonding. Nevertheless, there are some shifts in molecule structures which confirm the physical interaction between EVA with other components in the composite. The peaks shifted to lower values which increased the mobility of the composites. This reveals that the onset of decomposition temperature of PP composite slightly increased in the presence of nanoclay. The increase in thermal stability could be associated with the clay as an inorganic material with high thermal stability and great barrier properties that can prevent the heat from transmitting quickly and can limit the continuous decomposition [4] . The dispersed nanoscale silicate layers in the polymer matrix could be more effective in hindering the diffusion of volatile decomposition products, leading to the improved thermal stability for PP nanocomposites. On top of that, the presence of EVA continuously improved the decomposition pattern of PP nanoclay composites as shown in Figure 3 . For filler-containing composites with presence of EVA, the degradation temperature had improved. The corresponding temperature is about 402.8 Effect of EVA loading on mechanical properties of nanocomposites. The tensile strength of the PP nanoclay composites with EVA loading is shown in Figure 4 . It shows that the EVA impact modifier reduced the tensile strength in all composites. Oksman et al. [9] reported that addition of ethylene/propylene/diene terpolymers (EPDM) impact modifier also had a negative effect on tensile strength. On the other hand, the tensile modulus decreases with the increment of EVA loading due to the rubbery nature of elastomer which decreased the stiffness of composites as shown in the figure. Furthermore, it is possible to explain that the elastomer do not form an interphase, strong enough for stress transfer from the matrix to the filler to take place.
Flexural properties have been applied to study the incorporation of fillers into the matrix in order to find out its effect on bending strength. The improvement of flexural strength and modulus depends on adhesion of filler and matrix. The effect of EVA loading on flexural strength and modulus are shown in Figure 4 . The graph shows no significant effect on flexural strength and this means the EVA loading was unable to enhance the strength of the PP nanoclay composites. In addition, flexural modulus shows the same trend as flexural strength. It indicated that the impact modifier was unable to interact synergistically and hence did not improve the stiffness of composites. Previous study has showed that all impact modifiers reduce the stiffness of the composites due to the low E-modulus of the elastomer. Thus, it is expected to reduce the flexural strength and modulus with increase of elastomer material in thermoplastic composites [9] . Figure 4 shows the effect of impact modifier, EVA loading on impact strength of each composition. It can be seen that improvements in impact strength are in all impact-modified systems. Stamhuis et al. [10, 11] noted similar findings in talc-filled PP systems using styrene/butadiene/styrene rubber (SBS) as an impact modifier. Martins et al. [12] have conducted an experiment regarding nanocomposites formed from PP/EVA blends. They discovered that all mixtures showed an enhancement of the Izod impact strength relative to the neat PP blend, and in these cases the organoclay is well dispersed in the EVA phase. This is consistent with other 
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Fracture and Strength of Solids VII researchers' reports on blend with organoclay showing an increase in toughness when the organoclay is exclusively located in the dispersed phase or at the interphase between the two polymers [13] [14] [15] . Based on the results, dispersing the organoclay in both the EVA and PP phases would lead to a greater improvement in stiffness while maintaining high toughness. Subsequently, the organoclay in the EVA would promote toughness while having the organoclay in the matrix would increase stiffness. Figure 5 shows the TEM images of PP nanoclay composite with and without EVA content at high magnification. The TEM images can provide information regarding the dispersion state of clay, and the examination can be done to determine whether organoclay resides in the PP phase or in the EVA phase. From the Figure 5 (a) , the image reveals that the dispersion of clay is poor and large tactoids can be seen in composites when there are no polar groups in the polymer, such as PP for this case. However, the presence of EVA in the unit of polymer matrix leads to significant improvement in the distribution of clay in the PP nanoclay composite as shown in Figure 5 (b). Even though clay tactoids are visible, the particle size is reduced dramatically. Clearly, addition of EVA has improved the polymer-organoclay interaction. The potential for the interaction between the hydroxyl group of surfactant and acetate group of polymer adds a new consideration for nanocomposites formed from the organoclay [16] . The TEM micrographs show that the organoclay platelets seem to be located in (a) (b) the EVA phase, which means that the organoclay platelets are attracted to the EVA phase. This is due attraction of organoclay towards PP which is much greater than the EVA -PP bonding.
Transmission Electron Microscopy (TEM).

Conclusions
The PP/EVA/clay nanocomposites have been successfully prepared via the melt blending technique. The use of EVA as impact modifier generally gave a decline in tensile strength and modulus as well as flexural strength and modulus, however, increased the impact strength with the increment of EVA loading. The FT-IR studies on the PP/EVA/clay nanocomposites indicated that there is some physical interaction between the components of the composite with EVA. Moreover, the TGA test established that the presence of EVA in the composite creating a strong improvement on thermal stability compared with the composite without EVA. For the TEM observation on these nanocomposites, it showed that the organoclay tend to be located in the EVA phase. From this study, it can be concluded that the EVA has great potential ability in terms of improve the mechanical and thermal properties of the composites. Among four different phr of EVA used in this study, addition of EVA to the PP nanocomposite up to 5 phr has the best thermal and mechanical stability as compared with others.
